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I. Introduction 



Tables showing the “probability of survival” have long 
been in use, particularly in connection with the determina- 
tion of life insurance premiums and annuity rates. They 
are, in effect, a device for setting out, in a concise form, 
the death rates experienced by a particular community 
during a specified period. They are designed in such a way 
as to give answers to such questions as “What are the 
chances that a man aged 30 will die before reaching the 
age of 40” or alternatively “What are the chances that 
such a man will survive to age 40.” The life table also 
provides an answer to the question “What is the average 
number of years of life remaining to those of a given age.” 
A complete life table gives information for males and 
females separately for each integral year of age. Abridged 
life tables are also compiled giving the same information 
for ages at quinquennial or decennial intervals. In all life 
tables the only factor taken into account is mortality; it is 
assumed that there is no migration into or out of the 
group of persons to which a table relates. 

2. When using a life table it is important to remember 
that the table does not show what will in fact happen in 
the future. The table is based on the mortality experience 
of a past period and it shows what would happen in the 
future only on the assumption that past mortality ex- 
perience continues unchanged. As changes are bound to 
occur the assumption is tenable only for estimating the 
general course of events. It is therefore more usual nowa- 
days to regard the life table as no more than a convenient 
way of presenting in a summarized form information 
about mortality experience in a given period. 

3. If all males above a certain age entered the working 
population and remained in work until they died the life 
table for males could be used to answer questions about 
expectation of remaining in the working population 
similar to the questions mentioned above relating to years 
of life. There has, however, never been this exact identity 
between the expectation of life and the expectation of 
remaining in the working population. Owing to sickness, 
infirmity and old age there must always have been a 
number of men who were unable to work, and since the 
beginning of this century social legislation has made it 
possible for an increasing number of persons to spend a 
significant number of years in retirement. There is ac- 
cordingly a substantial difference at particular years of 
age between the average expectation of life and the 
average expectation of remaining in the working popula- 
tion and their associated probabilities of survival, and it 
is therefore desirable if possible to compile separate tables 
to show the expectation of working life. Such a table for 
Great Britain as a whole and based on information for 
individual years of age has now been prepared in respect 
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of males in 1955, together with a corresponding table for 
1931 (1) . The method of compiling the table is described 
in the following paragraphs. 

4. The table of working life is in fact an extension of the 
normal life table. It is drawn up in such a way as to give 
answers to such questions as “What are the chances that 
a man aged 30 will still be in the working population at 
age 40”, or alternatively “What are the chances that such 
a man will leave the working population before reaching 
the age of 40”. The table also provides an answer to the 
question “What is the expected average number of years 
of working life remaining to those of a given age”. As 
with the life table, the table of working life is based on the 
mortality experience of a past period, but it also reflects 
the losses through causes other than death of a past 
period. The table therefore shows what will happen in the 
future if these rates of losses remain unchanged. 

5. The calculation of a working-life table raises diffi- 
culties additional to those inherent in deriving a life table. 
The figures for individual years of age, both for the total 
population and for the working population, are not 
known precisely and they have had to be estimated from 
the information that is available (i.e., figures for five-year 
groups for the total population and figures based largely 
on a 1 per cent, sample for the working population). The 
margins of error in this basic material will also be reflected 
in the series of figures showing the proportions in the 
working population at each year of age. (.See para. 6 of 
Technical Appendix). It must also be remembered that 
retirement, unlike death, is not clear-cut. It is not always 
possible to be sure that a person recorded as retired has 
in fact left the working population. Many persons who 
work on their own account never really retire although 
the amount of time they devote to their businesses declines 
steadily with advancing age. 



(1) Tables of this type, but limited to selected occupational 
groups, have long been in use by Actuaries (under the title of 
“Service Tables”) in connection with the valuation of occupational 
pension schemes. See the Paper “On the Valuation of Staff Pension 
Funds” by H. W. Manly and E. C. Thomas in the Journal of the 
Institute of Actuaries for 1902. Tables of working life on a national 
basis have been prepared and published by the United States Bureau 
of Labour Statistics (Bulletin No. 1001 August, 1950) and by the 
Department of Statistics of New Zealand (Tables of Working Life 
1951, Wellington 1957). The preparation of the table of working life 
for Great Britain has benefited considerably from the earlier work 
undertaken by these two countries. It should be observed however 
that the working-life table for Great Britain differs in a number of 
respects from both the American and the New Zealand tables. 
Owing to differences in the basic statistical material used and to 
other differences, great care must be exercised in any attempt to 
compare the working-life table for Great Britain with the working- 
life tables for the United States of America and New Zealand. In 
particular, account must be taken of differences in the relative 
numbers in different industries and occupations. 
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II. Method of compiling a Table of Working Life for Males 



( a ) THE LIFE TABLE 

6. The basic figure in a life table is a hypothetical group 
of 10,000 persons assumed to be bom at the same time. 
This is followed by an estimate of the number surviving 
at the first birthday on the assumption that the group is 
subject to the same mortality experience in the first year 
of age as that shown by the actual “vital statistics” for a 
recent period. A similar estimate is made for each sub- 
sequent year of age until the last surviving member of the 
group finally disappears at 101 years of age or there- 
abouts. A series of figures for males in Great Britain based 
on the Registrar-General’s abridged life-table for 
1952-1954 was supplied by the Government Actuary and 
is given in Column 3 of Table 1 . This series is denoted by 
the symbol l x . 

7. For the purpose of estimating the number of years 
of life remaining to the survivors at any age it is necessary 
first of all to establish the aggregate number of man-years 
that they will live. The actuarial practice is to assume that 
deaths are evenly spread over the year and that the number 
of man-years lived between two consecutive birthdays by 
persons who were alive at the beginning of that year can 
therefore be estimated by averaging the numbers alive at 
the two birthdays. The procedure accordingly is to estab- 
lish a new column of figures by averaging each pair of 
consecutive figures in Column 3. These are set out in 
Column 4 and are designated by the symbol L x . 

8. The sum of all the figures in Column 4 represents the 
total number of man-years lived, from their fifteenth 
birthday onwards, by the survivors of the original 10,000. 
In the same way the sum of the figures in that column for 
any age-interval and all higher age-intervals represents the 
number of man-years of life remaining to persons who 
were alive at the beginning of that age interval (i.e. 1 X for 
that particular age); in other words the remaining number 
of man-years that this number of persons may expect to 
live. If this number of man-years is divided by the 
number of persons l x , the answer is the “average expecta- 
tion of life” for persons of that age. 

9. The cumulative total number of man-years from any 
age-interval onwards is designated by the symbol T x and 
the figures on this basis for each year of age are shown in 
Column 5 in Table 1. The “average expectation of life” 
is designated by the symbol e x , and the figures are given 
in Column 6 in the Table. 

( b ) THE WORKING- LIFE TABLE 

10. The fact that detailed age-analyses of the total 
population and of the working population are available 
from Census and other sources makes it possible to com- 



pute tables showing the expectation of working life in the 
same form as the tables showing the expectation of life. 
The first step is to compute, for each year of age, the 
percentage that the working population represents of the 
total population. For Census years both sets of figures can 
be taken from the Census tables. For other years an age- 
analysis of the total male population can be based on the 
annual estimates in broad age-groups, made by the 
Registrar-General, and corresponding figures of the work- 
ing population can be based largely on the annual 
estimates made by the Ministry of Labour and National 
Service on the basis of counts of national insurance cards. 
On the basis of this information estimates were made of 
the percentage of males occupied at each exact year of 
age in 1955. These are given in Column 2 of Table 1 under 
the symbol w x . It is assumed that the period of working 
life begins at age 15, but although the majority of boys 
leave school at this age and immediately enter the labour 
force an increasing number spend further years at Uni- 
versities and other institutions of advanced education. 
The result is that the proportion in the working population 
steadily increases till it reaches a maximum somewhere 
in the 25-30 age class. The complication that would be 
involved in taking account of entry into the working 
population at these earlier years has been avoided by 
adopting the maximum proportion in the working popu- 
lation for each of those years. This means, in effect, that 
for those years of age the proportion is to be interpreted 
as “the proportion who have entered or are in training 
for employment”. 

11. Since each figure in Column 3 {Q represents the 
number of men alive at that exact year of age, and the 
figure w x in Column 2 on the same line is the proportion 
that the working population represents of the total 
population of the same age, it follows that if the two 
figures are multiplied together the result will represent the 
estimated number at each exact year of age in the working 
population out of the original 10,000. A series of figures 
obtained in this way is set out in Column 7 of Table 1 
under the symbol l x . 

12. The next step is to compute the series of figures 
given in Column 8 of Table 1 (L“). These have been 
obtained from the l x column in the same way that the L x 
figures (Column 4) were derived from the l x figures 
(Column 3) (2> . The sum of all the figures in Column 8 
represents the total number of man-years spent in the 
working population from their 15th birthday onwards by 



(2) With the exception of the figure for age 65. See the Appendix, 
para. 11. 
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the survivors of the original 10,000. In the same way the 
sum of the figures in that column for any age-interval and 
all higher age-intervals represents the number of man- 
years of working life remaining to persons who were in the 
working population at the beginning of that age-interval 
(i.e. /“ for that particular age); in other words, the remain- 
ing number of man-years that this number of persons 
may expect to spend in the working population. If this 
number of man-years is divided by the number of persons 



in the working population /“ the answer is the “average 
expectation of working life” for persons of that age. 

13. The cumulative total number of man-years in the 
working population from any age-interval onwards is 
designated by the symbol T%, and the figures on this basis 
for each year of age are given in Column 9 of Table 1. 
The “average expectation of working life” is designated 
by the symbol 1“ and the figures are given in Column 10. 
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III. Losses from the Working Population 



14. The figures of working life given in the table are of 
value not only for the purpose of estimating the expecta- 
tion of working life but also for the reason that they 
enable analyses to be made of the numbers leaving the 
working population at different ages. In the ordinary 
life table there is only one way in which the population 
can be reduced, viz., by death. In the working-life table 
the working population is reduced by (1) death and (2) 
persons leaving the working population by retirement for 
whatever reason such as illness, injury, retirement with 
pension, etc. The difference between two successive figures 
in the 1% column can be defined as the “net” number 
leaving the working population between exact ages x and 
x + 1. It is net in that it is the difference between the 
number of entrants into employment during that age- 
interval and the number leaving employment. 

15. For men, it is probable that the number of entrants 
into employment at all ages other than the ages at which 
they come from schools and colleges is relatively very 
small and the differences between successive /£ figures can 
therefore be taken to represent “losses” from the working 
population. These differences, represented by the symbol 
“s“”, are given in Column 11 of the table. They represent 
total losses from the working population resulting from 
deaths on the one hand and losses from all other causes 
(“retirements”) on the other. On the assumption that the 
death rate for men in the working population is the same 
as the death rate for all men of the same age, it is possible 
to divide the total losses given in Column 1 1 into these 
two components. There is obviously some risk of error in 
making this assumption but it is probably not very great. 
Persons in the working population are no doubt healthier, 
on the average, than those not in the working population, 
but on the other hand they are subject to certain additional 
risks (e.g. from industrial accidents and above-average 
mortality rates associated with certain occupations). 

16. It is shown in the Technical Appendix (para. 13) 
that the number of deaths, between two exact years of age, 
of persons in the working population can be closely esti- 
mated by multiplying the average number in the working 
population between those ages (i.e. L x ) by the “central 
death rate” for all persons of the same age. The central 
death rate is obtained by taking the difference between 
the population at two consecutive exact years of age and 



dividing it by the average number in the population 
between the two age-points. The central death rate is 
conventionally denoted by m x , and in terms of the symbols 
in Table 1 the formula for its computation is: 



The number of deaths from the working population at 
each exact year of age (excluding deaths after retirement) 
can therefore be computed by multiplying for that age 

by the corresponding m x . The results of this computation 
are shown in Column 13 in Table 1 under the symbol d x . 

17. As stated above, the losses from the working pop- 
ulation from all causes are shown in Column 1 1 of Table 1 
under the symbol (s“). These total losses, of course, 
include the numbers of persons who die while in the 
working population (d ! °) and the differences between 
the two figures therefore represent the number of losses 
from the working population through causes other than 
deaths. These differences are shown in Column 15 of the 
table under the symbol 

18. The final step is to express these numbers of losses 
as rates per thousand. In considering the various possible 
bases for such rates attention was given to the practical 
uses which might be made of them. One of their most 
obvious uses, and probably one of the most important, 
is to estimate the probable annual losses from the actual 
working population as established from Census or other 
sources. For this purpose it is essential that the loss rates 
in the working-life table should be based on the figures in 
the table which are most closely analogous in form to an 
age-distribution obtained from a Census. The figures 
which meet this requirement are those given in Column 8 
of Table 1 under the symbol L", and the three figures of 
losses from the working population (all losses ($“), losses 
through death (d'J) and losses through other causes (/■")) 
have accordingly been expressed as rates per thousand of 
the figures in that column. The rates thus obtained are 
shown in Columns 12, 14 and 16 of the table under the 
symbols m‘ x , mi and m x respectively. They can be described 
as central rates of losses from the working population. 
The death rate obtained in this way (mi) is equal to the 
corresponding central death rate for the total population 
(jm*) that has already been referred to. 
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IV. Length of Working Life of Males in Great Britain® 



19. Table 1 shows that on the basis of the 1952-54 
mortality rates for males, 9,597 out of the initial group of 
10,000 males bom alive can be expected to reach their 
fifteenth birthday. Of these, 9,568 or 99-7 per cent, can 
be expected to join the working population at some time 
subsequent to their fifteenth birthday. The 9,597 boys 
surviving at age 15 may expect to have a total of 526,929 
man-years of life remaining — an average of 54-9 years per 
boy. Some boys aged 15 will of course die before they 
reach 70 years of age and some will live longer. The 
“expectation” is only an average for a large group. This 
expectation declines steadily as age increases so that, for 
example, those men who have survived to age 65 have an 
expectation of a further 11-9 years of life on the average. 
Since there are two sources of depletion of the numbers in 
the working population, viz., deaths and retirements, the 
expectation of remaining in the working population is 
lower than the expectation of life at each year of age. 
Thus while a boy of 15 has an expectation of life of 54-9 
years, a boy of 15 who has just joined the working popula- 
tion has an expectation of 48-4 years in the working 
population. Similarly, at age 65 a man has an expectation 
of 1 1 • 9 years of life remaining, but for those still in the 
working population an expectation of only 4-3 years in 
the working population. 

20. It is important not to misunderstand the meaning 
of the difference at any age between the expectation of life 
and the expectation of working life (e x —I “). For boys 
aged 15 entering the working population there is an 
expectation on the average of 48 • 4 years in the working 
population and 6 • 5 years (54 • 9 minus 48 • 4) outside the 
working population. Furthermore, as stated above, those 
who reach their 65th birthday while still in the working 
population have an expectation of life of 1 1 • 9 years and 
of 4-3 years remaining in the working population. But 
this does not mean that a man retiring at 65 may expect 
only 6-5 or 7-6 (i.e. 11-9 — 4-3) years in retirement. In 
compiling the working-life table the assumption has been 
made that the expectation of life is the same for those in 
the working population as for those not in the working 
population. This assumption is reasonable for most of the 
years of age up to about 65 but may be less so for ages 
over 65. On the other hand the figures of expectation of 
life at ages over 65 relate to men most of whom have retired. 
It follows therefore that even if the real expectation of 



13) It cannot be too strongly emphasized that the figures of 
expectation of working life and the figures of loss rates for specific 
ages are averages for the whole male working population of Great 
Britain. The figures for any particular occupational or other group 
will difler from the national averages owing to differences in age- 
specific retirement and mortality rates. 



life of those in retirement is less than the expectation 
of life of those who remain in the working population 
that expectation must be very close to the figures shown 
in Column 6. We can therefore say that those who retire 
at, say, age 65 have an expectation of life in retirement 
of something like 11-9 years. This can be seen more 
clearly by considering not the average expectation but the 
aggregate man-years remaining at age 15 for those in the 
working population. Column 9 of Table 1 shows that the 
9,568 boys at exact age 15 in the working population may 
expect to live 463,351 man-years in the working popula- 
tion. Assuming that mortality rates are the same for those 
in the working population as for those not in the working 
population these 9,568 boys may expect an aggregate of 
9,568 x 54-9 = 525,283 man-years remaining. The differ- 
ence between these two figures viz. 61,932, represents 
the number of man-years that the 9,568 boys aged 15 
may expect to spend outside the working population, 
i.e., an average of 6-5 years. It will be seen that this 
average of 6-5 years is the result of dividing the total 
number of man-years spent outside the working popula- 
tion by a total of men which includes not only those who 
do achieve retirement but also those who die while still 
in the working population. 

21. Since most of the losses from the working popula- 
tion up to age 65 are those from death rather than from 
retirement, these losses affect both the expectation of life 
and the expectation of working life to the same degree. 
The result is that the difference between the expectation 
of life and the expectation of working life varies little 
at ages between 15 and 65. 

22. It will be seen that while the expectation of remain- 
ing in the working population generally decreases with 
advancing age there are a few exceptions. For example the 
expectation of working life at 66 is 5-5 years compared 
with 4-3 years at 65. Retirement, although associated 
strongly with age, is to an increasing extent determined by 
social and other factors. Thus, as a result of the national 
insurance scheme, large numbers of persons retire from 
the working population in their 65th year. It follows that 
men in the working population at age 65 include an 
abnormally large number whose expectation of remaining 
in the working population is less than one year and as a 
consequence the average expectation is reduced. Those 
who remain in the working population at 66 will therefore 
include a larger proportion whose expectation of remain- 
ing in the working population is greater than one year and 
the average expectation for that age is correspondingly 
increased. Estimates of the numbers remaining in the 
working population at higher ages are subject to increas- 
ing margins of error and figures for individual years of age 
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above 76 have therefore been omitted from the tables. 
Those figures have, however, been used in computing the 
expectation of working life. 

23. In compiling these tables of working life the ex- 
pectation of working life has been defined as the expecta- 
tion at each age for those in the working population at that 
age. For some purposes however, it is desirable to consider 
the expectation of working life of the total number alive. 
In particular, it is useful to consider the expectation of 
working life at birth. It will be seen that on the basis of the 
1955 table the survivors of 10,000 males bom alive can 
expect to spend 463,351 man-years in the working 
population — an expectation at birth of 46-3 years. 



24. The figure of 463,351 man-years has been calcu- 
lated on the assumption that all those who at some time 
after the age of 15 join the working population are 
regarded as being in the working population from age 15. 
For some purposes it is desirable to have an estimate of 
the total number of man-years that will be spent in the 
working population, excluding time spent in full-time 
education, after 1 5, by the 10,000 bom alive. If a deduc- 
tion is made for those man-years in full-time education 
after 15 the total number of man-years of working life 
remaining at exact age 15 is reduced from 463,351 to 
455,508 and the expectation of working life at birth is 45 • 6 
years instead of 46-3 years. Figures on this alternative 
basis are given in the second footnote to Tables 1 and 2. 
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V. Probabilities of Remaining in or Leaving the Working 
Population 



25. In addition to the figures of working life expectancy 
and the central loss rates, the table of working life con- 
tains information which enables answers to be given to 
questions about the probability or chance of remaining in 
the working population or of leaving it owing to death or 
retirement. It is usual to express a probability by a decimal 
fraction varying between 0 and 1 — certainty being repre- 
sented by 1. If there is one chance in four that a particular 
event will occur its probability would be expressed as 
0-25. Thus the probability that a man of exact age 40 in 
the working population will still be in the working 
population at exact age 50 can be found from Column 7 
of Table 1. The number in the working population at age 
40 is 9,125 and of these the number still in the working 
population at age 50 is 8,635, The probability is therefore 

equal to = 0-946. These probabilities may perhaps 

be more readily understood if they are multiplied by 100 
and expressed in percentage form. Thus in the example 
just given we could say that 94-6 per cent, of the men of 
exact age 40 in the working population can expect to 
remain in the working population to age 50. 



26. From Column 3 of Table 1 it will be seen that out 
of 10,000 boys bom alive, 9,597 (or 96-0 per cent.) can 
be expected to survive to the school-leaving age of 15. 
Column 7 shows that 7,250 (or 72-5 per. cent.) of the 
10,000 boys can be expected to be in the working 
population at age 60 ; 5,849 (or 58 • 5 per cent.) to be still 
in the working population at age 65, and 2,146 (or 
21 • 5 per cent.) at age 70. 

27. Of these 10,000 boys bom alive, 4,882 (or 48 - 8 per 
cent.) can be expected to “retire” from the working 
population after reaching their 60th birthday and 1,831 
(or 18-3 per cent.) to retire between their 65th and 66th 
birthdays. 

28. Of the 9,568 boys at age 15 in the working popula- 
tion or in full-time education, 4,214 (or 44 per cent.) can 
be expected to leave the working population by death and 
5,354 (or 56 per cent.) to leave for a cause other than 
death. As many as 4,407 (or 46 per cent.) will “retire” 
after reaching their 65th birthday. 
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AGE GROUPS 

Estimated age distribution of losses from the male working population of Great Britain in 1955 



VI. Changes between 1931 and 1955 



29. In order to show what changes had taken place 
since before the war a table similar to the 1955 table 
has been prepared for 1931 (Table 2). This was based on 
the Census of Population figures for that year and the 
mortality experience of the years 1930-32. 

30. In comparing 1955 with 1931 it is necessary to keep 
in mind two important changes resulting from legislation. 
The school leaving age was raised from 14 to 15 in 1947 
and the retirement pensions scheme under the National 
Insurance Act of 1948 differed from the pre-war pensions 
scheme in that “retirement” was made a condition for 
the receipt of pensions under the scheme. It is probable 
that this “retirement” condition, coupled with the great 
extension of private pension schemes, accounted to some 
extent for the much larger number of retirements in 
1955 immediately on reaching the minimum pension age 
of 65. There were, of course, other important changes, 
especially in mortality. Thus Table 1 shows that, in 1955, 
out of 10,000 males bom alive, 9,597 can be expected 
to reach their fifteenth birthday, while Table 2 shows 
that in 1931 only 8,795 could be expected to survive 
until 15. At age 15 the expectation of life was 54-9 years 
in 1955 compared with 51-1 years in 1931; in fact the 
expectation of life was greater at all ages in 1955 than in 
1931. This increased expectation of life (or reduction in 
the rate of mortality) coupled with some reduction in the 
losses from the working population through causes other 
than death resulted in an increase in the expectation of 
working life, which was 48-4 years for those aged 15 in 
1955 compared with 46-6 years in 1931. This occurred in 
spite of the fact that there was a much greater peak of 
retirements at age 65 in 1955 than in 1931 and that the 
expectation of working life was in fact lower in 1955 than 
in 1931 for ages above 45. The number of man-years in 
the working population for age 65 and upwards is lower 
in the 1955 Table than in the 1931 Table (25,336 compared 
with 28,253), but at all ages up to 65 the number of man- 
years (i.e. L“) is considerably higher in the 1955 Table 
than in 1931. 

31. Reference was made in para. 30 to the fact that 
owing to the reduction in the rate of mortality in the early 



years of life the number surviving at age 15, out of 10,000 
bom alive, was much greater in 1955 than in 1931. In 
other words a much larger number in 1955 survived to the 
age when they could enter the working population. It is 
useful in this connection to compare the aggregate num- 
ber of man-years spent in the working population 
(excluding years spent in full-time education) by the two 
groups. The 10,000 boys bom alive in 1931 could expect 
to spend 406,018 man-years at work after reaching the 
school-leaving age of 14, an average of 40-6 years. The 
10,000 bom alive in 1955, on the other hand, could expect 
to spend 455,508 man-years at work after reaching the 
school leaving age of 15, an average of 45-6 years. Thus 
the expectation of working life at birth rose from 40-6 
years to 45-6 years, an increase of 12£ per cent. The 
increase due to the reduction in the mortality rate, both 
below and above 15 years of age, greatly outweighed the 
effect of the raising of the school-leaving age and of the 
movement to earlier retirement. 

32. Reference was also made in para. 30 to the fact 
that the number of man-years in the working population 
for age 65 and upwards was lower for the 1955 group than 
for the 1931 group, although the number in the working 
population at exact age 65 in 1955 was higher than in 
1931. This was due to the fact that a much larger propor- 
tion of the working population aged 65 in the 1955 table 
could expect to spend some time in retirement than was 
the case in 1931 (75 per cent, compared with 58 per cent.) 
coupled with the fact that the proportion retiring very 
soon after reaching 65 years of age was very much higher 
in 1955. Thus, of the working population of 4,412 at exact 
age 65 in the 1931 table, 432, or 10 per cent., retired before 
reaching their 66th birthday. In the 1955 table, on the 
other hand, the working population at exact age 65 was 
5,849, of whom 1,831, or 31 per cent., retired before 
reaching their 66th birthday. Another feature of the 
difference between the two years was the smaller number 
in 1955 who could expect to delay their retirement till the 
age of 75 or later, the number being 499, or 8 J per cent, 
of the number working at age 65, compared with 574 
(13 per cent.) in 1931. 
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VII. Estimated Losses from the Working Population in 1955 



33. The central loss rates given in Columns 14 and 16 of 
the tables show for each year of age the rates at which the 
working population is depleted owing to death on the one 
hand and to losses from causes other than death on the 
other hand. The numerator in this rate— i.e., d" or r x — 
represents the number of men who can b; expected to die 
or to retire between exact ages x and x 4-1. The denom- 
inator represents the number of men in the working 
population between those ages at a given point of time. 
It follows therefore that if we have a table giving for 
individual years of age the actual number of men m the 
working population from age 15 we can estimate the 
expected annual losses from that working population 
through death or other causes by multiplying the numbers 
in each year of age by the corresponding rates shown m 
Columns 14 and 16. The resulting figures would represent 



ESTIMATED AGE DISTRIBUTION OF LOSSES FROM THE MALE 
WORKING POPULATION OF GREAT BRITAIN IN 1955 <4) 



Age at death or 
retirement 


Estimated losses in 1955 from the 
working population 


Total losses 


Due to death 


Due to 
causes other 
than death 




1,150 


1,150 


_ 




1,940 








2,830 


2,180 


650 




4,710 








5,050 




1,620 




7,630 








11,860 








18,840 


16,520 








21,490 


6,550 




41,350 


27,360 






105,440 


19,190 


86,250 




37,280 


12,340 






19,430 


6,760 






5,030 


2,670 




85-89 


1,200 


580 


620 


TOTAL 


291,780 


134,390 


157,390 



(o Excluding losses from emigration. 



the expected losses from the actual working population on 
the assumption that this population was subject to the 
specific age mortality and retirement rates used in con- 
structing the working-life table. These calculations have 
been carried out on the figures of the actual working 
population as at the middle of 1955 used in constructing 
the working-life table. The multiplications were made for 
each year of age and the results are shown in the table 
above for quinquennial age groups. 

34. The total number of men in the working population 
at end May 1955 was 16,084,000. The total loss rate per 
annum was therefore 18-1 per thousand. The loss rate 
from death was 8-4 per thousand and the loss rate from 
retirement 9-7 per thousand. 

35. Similar total rates may be computed from the 
working-life table. The numbers of men in the working 
population in each year of age (Column 8) represent also 
the numbers in each of those ages that would be found in 
a “stationary” population in which the constant number 
(10,000) of births each year equalled the constant number 
(10,000) of deaths. The total of the numbers in Column 8 
(including those aged 77 and over) is 463,351. The total 
losses in a year from this population are 9,568, 4,214 being 
due to death and 5,354 due to causes other than death. 
The total loss rate in the stationary population is therefore 
20-6 per thousand. The loss rate from death is 9-1 per 
thousand and the loss rate from causes other than death 
is 1 1 • 5 per thousand. The differences between these rates 
and those computed above for the actual working popula- 
tion in 1955 reflect the differences in the age distribution 
of the actual working population in 1955 and the station- 
ary working population. The stationary population of the 
life table contains relatively more men in the higher age 
groups for which the loss rates are above average. 
Similarly since for these higher age groups the retirement 
rate is greater than the death rate the ratio of the total 
retirement rate to the total death rate is greater for the 
stationary population than it is for the actual population 
of 1955. 
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Percentage of men at certain ages in the working population who can expect to remain in the working population until age 65 and to retire at some time 

thereafter 



Table 1. TABLE OF WORKING LIFE OF MALES IN GREAT BRITAIN, 1955 
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Table 2. TABLE OF WORKING LIFE OF MALES IN GREAT BRITAIN, 1931 
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Technical Appendix 



1. In Section II above an attempt has been made to 
describe the method of compiling a working-life table in 
non-technical terms as far as it is possible to do so. The 
technical appendix which follows gives a more detailed 
explanation of both the methods and the sources of in- 
formation used, together with some examples of the way 
in which various probabilities can be computed from the 
tables. 

2. Full life tables are prepared for Great Britain at 
intervals by the Government Actuary, and such a table 
for 1930-32 has been used as the basis for Table 2. 
Abridged life tables based on a moving three year total 
of deaths and population are prepared annually by the 
General Register Office. A table for 1952-54, extended 
by the Government Actuary to give figures for individual 
years of age, has been used for Table 1 as being 
sufficiently close to 1955.* The description in the 
following paragraphs refers for convenience to the 
1955 table (Table 1), but the method is also applicable 
to the table for 1931. 

3. The basic figure in a life table is a hypothetical group 
of 10,000 persons bom at the same time. This is followed 
by an estimate of the number likely to survive at the first 
birthday on the assumption that the group is subject to the 
same risk of death in the first year of age that was shown 
by the actual “vital statistics” during the period adopted 
as the basis of the computation, together with the further 
assumption that there is no migration into or out of the 
hypothetical community. A similar estimate is made of 
the number surviving at the second and each subsequent 
birthday until the last of the group finally disappears at 
101 years of age or thereabouts. The Column of figures 
thus produced (column 3) is represented by the symbol l x . 

4. The main purpose of a life table, in the present 
connexion, is to provide an estimate of the average 
number of years of life remaining to each group of persons 
represented by the symbol l x . For this purpose it is 
necessary first of all to estimate the aggregate total number 
of man -years that all persons in that group will live. In 

* As a minor consequence of the individual interpolations, the 
values of e x at certain points differ slightly from the values originally 
given in the Registrar General’s Abridged Life Table for 1952-54. 



order to do this it is usually assumed that deaths between 
ages x and x + 1 are spread evenly over the intervening 
year and that the number of man-years lived during that 
interval by the group of l x persons alive at the beginning 
of it can be taken to be equal to the average of that 
number and the smaller number (I x +i) alive at the end 
of it. In the same way it can be taken that the number of 
man-years lived between age x + 1 and age x + 2 by 
those who survive at age x + 1 will be the average of 
l x . j and I x + 2 - This process can be continued until the 
last survivor dies, and the total number of man-years 
remaining to any group l x after age x will be the sum of 
the averages of consecutive pairs of figures in the l x 
column from that age onwards. 

The figures obtained by this process of averaging each 
consecutive pair of figures l x and l x + 1 are designated by 
the symbol L x . The figures for 1955 are set out in Column 
4 of Table 1. The relationship between l x and L x is there- 
fore represented by the equation: 

L x = i ( lx +4 + 1) 

The sum of the figures L x for age x and all higher ages is 
designated by the symbol T x . Thus, 

T x = sL x 

5. Since T x represents the total number of man-years 
of life remaining for the l x persons who were alive at the 
beginning of the period to which it relates, the “average 
expectation of life” for that group of persons can be 
obtained by dividing T x by l x . The figure thus obtained is 
designated by the symbol e„ so that 
T 

° e * = T x 

The figures T x and e x for 1955 are shown in Columns 5 and 
6 of Table 1. It is important to bear in mind that e x must 
always be interpreted in relation to the assumptions 
underlying the whole table. In other words, it is the 
average number of years of life remaining to persons of 
age x on the assumption that they will be subject through- 
out their fives to the mortality rates that were actually 
experienced by the population of the country during the 
period that was adopted to provide the basis of the com- 
putation. In no sense do the figures represent an attempt 
to forecast the actual course of events in years to come. 

20 
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6. The essential link in the transition from a life table 
to a working life table is the proportion of the total popu- 
lation that is engaged in gainful occupation at each year 
of age. For 1955 the requisite material had to be obtained 
from various sources. Estimates of the total male popula- 
tion in five-year age-groups were obtained from tables 
published by the Registrars-General, and these were 
analysed into individual years of age mainly on the basis 
of the detailed figures derived from the 1951 Census of 
Population. Estimates of the numbers of male employees 
in the civil population were available from the annual 
count of national insurance cards, analysed into individual 
years of age on the basis of a random sample of 1 per 
cent, of insured employees. Estimates of the total number 
of self-employed men were also available, and these were 
analysed into individual years of age partly on the basis 
of the one per cent, sample of national insurance records 
and partly on the basis of the 1951 Census of Population 
(the latter source had to be relied on, for example, for 
information about men over 70 years of age, who are not 
insurable under the national insurance scheme). Detailed 
age-analyses of the numbers of men in H.M. Forces (at 
home and abroad) were supplied by the Service Depart- 
ments. The figures from these various sources were added 
together to provide an analysis by individual years of age 
of the total male working population. The figures thus 
obtained included the total number in civil employment 
(employers and workers on their own account as well 
as employees, both full-time and part-time), persons 
registered as unemployed and those temporarily absent 
from work owing to sickness, holidays or other causes, 
members of the Armed Forces and Women’s Auxiliary 
Services (both at home and abroad) and persons released 
from the Forces who had not yet taken up employment. 
They exclude unpaid family workers.* Each of these 
figures was then expressed as a percentage of the estimated 
total male population of the same age, thus producing a 
series of figures showing the proportion that the working 
population represented of the total population. 

7. The “occupied” proportions obtained by the method 
described in the preceding paragraph were then adjusted 
for two reasons. Firstly, although the majority of boys 
leave school at the age of fifteen and enter employment 
more or less immediately, a number remain at school 

* The figures for 1931 were taken from the tables of the Population 
Census of that year. Their content is very close to that of the 1955 
figures as described above; the main deferences were that the 1931 
figures included a number (probably small) of unpaid family 
workers and also a number of sick persons who were also out of a 
situation but were not registered for work. 



beyond that age and some of them continue their educa- 
tion at Universities, etc., eventually entering employment 
at the end of their course of higher education. For this 
reason the actual proportion occupied in 1955 showed a 
gradual increase from age 15 onwards till it reached a 
maximum of 99-7 per cent, at age 28. The lower propor- 
tions at the younger ages were in effect due to the fact 
that entry into employment had been deferred until 
training for that employment had been completed, and 
it would be reasonable to assume that the percentages at 
those ages, if account were taken of the numbers in 
training (i.e. continuing their education), would be at 
least equal to the figure of 99-7 per cent, at age 28. It is 
probable that the proportions at those ages would in fact 
be very slightly higher than 99 • 7 per cent., but since the 
wastage through causes other than death at those ages 
must be very small it has been assumed that the percent- 
age on that basis at each year of age between 15 and 27 
was 99 • 7. In order to avoid the complication of separately 
treating new entry into the labour force (which would be 
of significance only at the initial ages) the figure of 99-7 
per cent, has been used for every one of the years of age 
in question for the purpose of the computation of the 
expectation of working life as described in the following 
paragraphs. This procedure does in fact produce the best 
estimate of the expectation of working life for those 
actually working at age 15, 16, etc. It should be noted 
that one result of the adoption of the constant percentage 
for each of the years in question is that there are no 
figures for those years in Col. 15 of Table 1 (losses from 
the working population through causes other than death), 
but it is assumed that such losses as do take place at those 
ages are too small to be of any significance. 

8. The second adjustment was due to the possibility 
that the basic material may have been imperfect for 
various reasons. For 1955 the official estimates of the 
total population were in five year groups only and the 
figures for individual years of age, obtained by inter- 
polation, must have been subject to error. The age analysis 
of the working population was obtained mainly on the 
basis of a 1 per cent, sample of employees insured under 
the National Insurance Scheme, and figures obtained in 
that way must also be subject to margins of error in 
varying degrees. The original series of percentages 
obtained by relating these two series to each other 
showed fluctuations above and below a line of d iminishin g 
trend and it is probable that these fluctuations were due to 
some extent to the possible errors in the basic figures. It 
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was thought that the most reasonable assumption to make 
was that the true series would show a continuing down- 
ward trend from year to year, and the figures as computed 
were therefore adjusted to produce a series of that kind. 

9. Percentages computed in the way described in 
para. 7 relate to the number of occupied persons who 
have reached their x lh birthday but have not reached their 
( x -1- 1)“. For the purpose of the computation of the 
table of working life, however, it is necessary to obtain 
percentages which can be related to the numbers at their 
x th birthday, i.e. l x (Column 3 of Table 1). For all ages up 
to 50, the proportions occupied showed such small annual 
decrements that the percentages as computed and adjusted 
were adopted as suitable for application to l x on the same 
line. For higher ages the percentage for application to l x 
was interpolated between the computed figure for age x 
and the figure for age x — 1. The interpolation for age 65 
required special consideration. In the series of occupied 
percentages computed by the method described in para. 7 
the figure for age 65 was considerably lower than the 
figure for age 64, the two ages 64 and 65 meaning “aged 
64 and under 65” and “aged 65 and under 66”, respec- 
tively. This reduction is due to the fact that considerable 
numbers of persons take their pensions under the 
National Insurance Act and retire from their employment 
sometime in the year following their 65“ birthday. It is 
to be assumed therefore that in a series of figures of the 
l x type (which relate to exact years of age) the proportion 
occupied at exact age 65 is not much lower than the figure 
for age 64 and that the big reduction is in the figure for 
exact age 66 compared with that for age 65. In the table 
for 1955 the occupied proportion for exact age 65 has 
therefore been taken at 87-5 per cent., compared with 
90-0 per cent, for age 64, and the effect of taking retire- 
ment pensions after reaching the age of 65 is shown in the 
reduction to 60-0 per cent, at age 66. 

The series of figures thus established is shown in 
Column 2 of Table 1 under the symbol w*. 

10. The w x figures have been used as multipliers to 
apply to the l x figures in Column 3 in order to establish 
a new column of figures under the symbol /“ (Column 7), 
which can be defined as the number of persons in the 
working population at each exact year of age out of the 
original group of 10,000. 

11. Having established the column of figures /“ it is 
possible to compute the average expectation of working 
life by a similar procedure to that which was used to 
compute the average expectation of life from the column 



of figures l x . The intermediate figures L x (Column 8) for 
all years of age with the exception of 65 are obtained on 
the basis of the equation 

£? = *(£ + £+ 1 )- 

For age 65 a figure obtained by means of the foregoing 
formula would be considerably higher than the figure that 
would be obtained by multiplying L x by the original w x 
referred to in para. 9. This is no doubt due to the 
probability that a high proportion of the large number of 
retirements between the 65“ and 66“ birthdays take 
place soon after the 65“ birthday, so that the average 
number in the working population between these two 
birthdays is lower than the average of the numbers at the 
two exact birthdays.* It was therefore decided to adopt a 
figure for L“ for age 65 which would have a similar 
relationship to the L x figures for 64 and 66 as the original 
w x figure (based on the actual population) bore to the 
corresponding figures for 64 and 66. 

12. The figures Z," for each age and all higher ages are 
then accumulated and set out in Column 9 under the 
symbol T". Finally each figure T% is divided by the 
figure /“ on the same line, the result being the average 
expectation of working life for occupied persons at exact 
age x. These are set out in Column 10 under the symbol 
!“. These figures are subject to the same reservations that 
were mentioned in para. 5 in relation to the figures of the 
expectation of life (I*), i.e., they merely indicate what will 
happen if conditions remain the same as in the period 
adopted as the basis of the computation. 

13. The difference between two consecutive figures in 
the l x column represents the number lost out of the 
working population during the intervening year. The 
differences between each pair (i.e. /“ — 1% + 1 ) are set out 
in Column 11 under the symbol s x . These figures consist 
partly of deaths and partly of losses out of the working 
population from other causes (retirement, infirmity, etc.). 
Each figure s™ can be analysed into these two component 
parts on the assumption that the death rate in the working 
population of any given age is the same as the death rate 
in the total population of the same age.f The Central 
Death Rate for the total population is computed by 
expressing the number of deaths between two specific ages 
as a rate per thousand of the average number in the 

* Evidence of this concentration of retirements soon after the 
65th birthday is provided by Table 6 of the Report of the Ministry 
of Pensions and National Insurance for the year 1957. (Cmnd. 493). 

t For all ages up to 65 the margin of error in this assumption is 
probably very small since the working population is a very large 
part of the total population. With the progressive reduction in the 
ratio of the working population to the total population at higher 
ages the possibility of error is naturally somewhat greater. 
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population between those ages. The number of deaths is 
j x — l x + 1 and the average number in the population 
between the two specific ages is L x . The Central Death 
Rate is represented by the symbol m x , so that 
4 - 4+1 

m x = j 

This is the Central Death Rate for the population 
represented by l x , and since it is assumed that the same 
rate is applicable to the corresponding working popula- 
tion /“, the actual number of deaths in a year from that 
working population (excluding deaths after retirement) 
can be computed by multiplying the average number in 
the working population between two consecutive specific 
ages (i.e., L x ) by m x . The number of deaths from the 
working population is represented by d x , so that 

d£=L% x m x 

The value of m x for each year of age can be computed 
from the figures in Columns 3 and 4 of Table 1, and the 
values of L x are available in Column 8. From these figures 
the value of d% was obtained for each year of age and they 
are set out in Column 13. The numbers of losses from the 
working population through causes other than death were 
then obtained by subtracting each figure d x from the 
corresponding figure s% (Column 11) and the figures are 
set out in Column 15 under the symbol r x . 

14. The final step was to express these losses from the 
working population (s x , d x and r x ) as rates per thousand 
of the working population. It was considered that the 
most satisfactory basis for the computation was the 
average number “at risk” during the year, i.e. Z,". A rate 
of loss computed on this basis is a Central Loss Rate for 
the working population, and it has the advantage of being 
capable of being applied to actual population figures of a 
Census type. The rates obtained in this way are set out in 
Columns 12, 14 and 16 under the symbols m x , m x and m x , 
so that 

m x = (central loss rate) 
d" 

m x = jY (central rate of mortality) 

and m x = ~ (central rate of retirement) 

also m , x = m% J r m T x 

* ml could also be computed directly from the w x figures in Col. 2. 
The Wx series represents the reduction year by year in a working 
population where the only source of decrement is “retirement”, 
i.e., where the effect of death has been removed. The Central Retire- 
ment Rate on this basis would be 

W ~~n£ X+1 - where w * = W * + 2 W ‘ + 1 
For the reason set out in para. 9 above, however, this procedure 
cannot be used to obtain rrf for age 65. 



PROBABILITIES OF REMAINING IN OR LEAVING THE 
WORKING POPULATION 

15. The principal probabilities that can be computed 
from the information contained in Tables 1 and 2 are 
given below in algebraic form, together with numerical 
examples taken from Table 1 . 

(1) The probability that a man in the working popu- 
lation aged x will still be in the working popu- 
lation in n years’ time is 

g + » 

% 

For example, the probability that a man aged 30 
will still be in the working population in 35 years’ 
time (i.e. at age 65) is 
/“ 5 849 

■pr = g^290 = or 62-3 per cent. 

(2) The probability that a man in the working popu- 
lation aged x will have left the working popu- 
lation in n years’ time is 

g-g+n 

For example, the probability that a man aged 30 
will have left the working population in 35 years’ 
time (i.e. before reaching age 65) is 
gj - % 9,390 - 5,849 3,541 

g> ’ 9,390 ~ 9,390 

= 0'377 = 37-7 per cent. 

(3) The probability that a man in the working popu- 
lation aged x will have left the working popu- 
lation in n years’ time owing to death is 

<g + <g + i + ... + <g + «-i 
% 

For example, the probability that a man aged 30 
in the working population will have left the 
working population in 35 years’ time (i.e. before 
reaching age 65) owing to death is 
dzo + ^81 + ■ ■ • <?64 

g» 

12 + 13 + . . . + 204 
— 9,390 

2,613 

= 939 Q = 0* *278 = 27*8 per cent. 
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(4) The probability that a man in the working popu- 
lation aged x will have left the working popu- 
lation in n years’ time from a cause other than 
death is 

r" + r“+ i + • • • +/‘g +w - 1 

/“ 

For example, the probability that a man aged 30 
in the working population will have left the 
working population in 35 years’ time (i.e. before 
reaching age 65) from a cause other than death is 

^30 + *31 + • • • ~b 

10 + 9 -f . . . + 170 
“ 9,390 

928 

= 9l96 = 0 ' 099 = 9 ' 9per Cent ' 

(5) The probability that a man in the working popu- 
lation aged x will still be in the working popu- 
lation at age x + n and will have left the working 
population in m years’ time after age x -r n 
owing to death is 

v / <g J -.+g+.-»+-+‘g+.+.-i \ 

? x l e+. ) 

For example, the probability that a man aged 30 
in the working population will still be in the 
working population at age 65 and will have left 



the working population in 5 years’ time after age 
65 owing to death is 
& x ^6s + 4S + • • • + 4B j 

” 5,849 / 153 + 145 + • • • + 120 \ 

“ 9,390 X \ 5,849 ) 

"^ = 0 ' 073 “ 7 ' 3 per “ nt - 

(6) The probability that a man in the working popu- 
lation aged x will still be in the working popu- 
lation at age x + n and will then have left the 
working population in m years’ time after age 
x + n from a cause other than death is 
l^ + n.J rx + n + r x + n + l J r---+ r x+n + m -x \ 
lx \ lx + n / 

For example, the probability that a man aged 30 
in the working population will still be in the 
working population at age 65 and will have left 
the working population in 5 years’ time after age 
65 from a cause other than death is 
ft 6 ^ / >86 + 'B8 + •••+'• 6fl \ 

I30 \ ^6 5 / 

5,849 / 1,831 + 378 + ■ . . + 219 \ 

“ £390 X i 5,849 / 

-^-°'i22 = 3 2 -2p erc ent. 
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